Ionic Liquid Microcapsules: Formation and Application of Polystyrene Microcapsules with Ionic Liquid Cores.

INTRODUCTION
We present spherical microcapsules of polystyrene containing ionic liquid in their core. Materials such as these have many potential uses in sustainable applications. Ionic liquids, (ILs) are liquids composed entirely of ions. 1, 2, 3 They have a remarkable ability to be tuned for specific application, providing new approaches in science, technology and industry. Since their early use as replacements for organic solvents, 4 uses of Ionic liquids continue to expand. In particular, there has been a lot of recent interest in ionic liquids and ionic liquid materials in energy and electronics. 5, 6, 7 Catalysis continues to feature heavily as an area which has seen benefit from ionic liquids 8 as does environmental remediation such as CO 2 uptake, 9 energy materials 10 and metal recovery. 11 Steady interest and new applications are coming from the pharmaceutical, drug delivery and medicinal areas 10, 12, 13, 14 as well as the food industry. 15 In the pharmaceutical fine chemicals sector, the use of ionic liquids in drug 16 material is contained within a shell of a second material. 36 Liquid core microcapsules are used for a variety of purposes from flavor protection in food to delayed release of pharmaceuticals. 37 Release from microcapsules can be achieved by a number of mechanisms. For hard rigid shells, such as metals or inorganics a brittle fracture, due to shear 38 or ultrasound 39 can be achieved. For polymeric shells a slow diffusional release profile is more common. 40 There are many possible routes to making microcapsules. These include direct polymerization from a surface 41 layer by layer deposition 42, 43, 44, 45 or self-assembly of particles at a templating interface. 
RESULTS AND DISCUSSION
Initial studies on dye release from the ionic liquid core through the polystyrene membrane, and metal uptake through the polystyrene membrane into the ionic liquid core were performed. The microscopy images (Figure. The numerical values are shown in the SI, (SI, S6 Dye release, table S1). We assume that all dye is partitioned into the core and that release follows a diffusional timescale, , such that  = T . This is a sensible order of magnitude for the diffusion of a molecule through a polymer. For metal uptake experiments a 1M solution of Li + was prepared from its chlorinated salt. Samples of microcapsules were then exposed to the Lithium solution (SI S4). Lithium NMR was used to measure the Ion uptake into capsules and this shows that Lithium ions are extracted from the salt solution very rapidly, within the 30 minutes of the first measurement. This implies that the ionic liquid capsules are easily saturated with lithium. (Figure 5 ) The average error is calculated from the standard deviation of the repeats. (SI S7 metal ion uptake).
CONCLUSION
We have demonstrated the preparation and use of ionic liquid core polymer shell particles. The particles are easy to reproducibly prepare. Confining the ionic liquid in this way provides not just a practical way of using materials but also a neat discrete particle for fundamental study of ionic liquid behaviour in a confined space. We have shown the ability of the ionic liquid core to contain a model active compound, and to release it through the polymer membrane. The rate of release of a dye from intact capsules is shown to be determined by the diffusion of dye through the polymer shell.
Despite diffusion coefficients as low as 10 -18 m 2 s 1 the release from ~2 m capsules occurs within a few hours. We also show the ability of metal ions to diffuse from a solution outside of the microcapsule and be concentrated within microcapsule ( Figure 5 ).
In this work we show that ionic liquid core polymer shell materials can be made in significant quantities. Ionic liquid core polymer shell materials are likely to have several specific practical advantages: they are easy to filter/recover; they can act as distinct confined containers; their uniformity of size gives potential for use in liquid flow systems for printing of ionic liquid based einks or painting on to electrodes and surfaces. The ionic liquid core polymer shell particles can be tailored to allow diffusion out of or into the material as well as release at a specific temperature (melting point of polymer shell) or through mechanical destruction. Furthermore, ionic liquids can be chosen/tailored for their functionality, to extract or to release a target of interest, such as drug delivery or metal recovery. 
